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1 

Circuit arrangement 



The invention relates to a circuit arremgement for operating a lamp equipped 

with 

- input terminals for connection to the poles of a supply voltage source, 

- a first series arrangement comprising a first switching element shunted by a first diode and 
5 a second switching element shunted by a second diode and connecting the input terminals, 

- a second series arrangement comprising a third switching element shunted by a third diode 
and a fourth switching element shunted by a fourth diode and connecting the input terminals, 

- a load circuit connecting a terminal between the first and the second switching element 
with a terminal between the third and the fourth switching element and comprising a series 

1 0 arrangement of an inductor LI , terminals for lamp connection and an inductor L2, 

- a control circuit coupled to control electrodes of the switching elements and comprising 
circuitry for controlling the circuit arrangement in a first operating state in which the fourth 
switching element is maintained in a conductive state while the first switching element is 
rendered alternately conductive and non-conductive at a high frequency, and for controlling 

15 the circuit arrangement in a second operating state in which the third switching element is 
maintained in a conductive state while the second switching element is rendered alternately 
conductive and non-conductive at a high frequency, and for alternating the operating state of 
the circuit arrangement between the first and the second operating state at a low frequency, 

- a capacitor CI coupled with a first end to a terminal of the load circuit between the inductor 
20 LI and a terminal for lamp connection. 

Such a circuit arrangement is known from US 6,426,597 B2, more in 
particular as an operating circuit for HID lamps. The capacitor CI shunts a series 
25 arrangement comprising the lamp connection terminals and the inductor L2. After the lamp 
has ignited the control circuit controls the circuit arrangement alternately in the first 
operating state and the second operating state at a low frequency. In the first operating state, 
the first switching element together with the second diode and the inductor LI and capacitor 
CI form a first DC-DC-converter of the type "down converter". During this first operating 
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state, the first DC-DC-converter generates a DC current with a first polarity direction that 
flows through the lamp. In practise an AC current with a small amplitude and a frequency 
equal to the frequency with which the first switching element is controlled is superimposed 
on the DC current. In the second operating state, the second switching element together with 
5 the first diode and the inductor LI and capacitor CI form a second DC-DC-converter of the 
type "down converter". During this second operating state, the second DC-DC-converter 
generates a DC current with a second polarity direction that flows through the lamp. Again a 
high frequency AC current with a small amplitude and a frequency that equals the frequency 
at which the second switching element is operated is superimposed on the DC current. Thus 
10 the lamp current is a low frequency square wave shaped AC current. The known circuit 
arrangement offers important advantages such as low component count and a high open 
circuit voltage. 

However, the known circuit arrangement also has a few disadvantages. One of 
the disadvantages is that, when the operating state of the circuit arrangement changes, the 

15 polarity of the voltage across capacitor CI changes as well causing a very high current 

through the components. More in particular, in case the circuit arrangement operates without 
a lamp connected to it or with a lamp connected to it that does not conduct current because of 
failure or because the discharge temporarily extinguishes when the lamp has not yet reached 
stable operating conditions, the voltage across capacitor CI generates high peak currents 

20 through the first switching element or the second switching element or other components 
when the third or the fourth switching element is rendered conductive. These high peak 
currents can damage the first and/or second switching element so that it is necessary to 
include additional features in the circuit arrangement to prevent such currents thereby 
rendering the circuit arrangement complex and expensive. 

25 

The invention aims to provide a comparatively simple and robust circuit 
arrangement wherein the occurrence of high peak currents through the components making 
up the circuit arrangement is prevented. 
30 A circuit arrangement as mentioned in the opening paragraph is therefor in 

accordance with the invention characterized in that a second end of the capacitor CI is 
coupled to an input terminal, and in that the control circuit comprises circuitry for controlling 
the circuit arrangement in a third operating state, in which the first and third switching 
element are operated in such a way that at least one of these switching elements is rendered 
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alternately conductive and non-conductive at a high frequency, during a time interval 
between subsequent operation in the first and the second operating state, and for controlling 
the circuit arrangement in a fourth operating state, in which the second and fourth switching 
element are operated in such a way that at least one of these switching elements is rendered 
5 alternately conductive and non-conductive at a high frequency, during a time interval 
between subsequent operation in the second and the first operating state. 

In a circuit arrangement according to the invention, peak currents are avoided 
to a large extent when the operating state of the circuit arrangement changes, not even in case 
the circuit arrangement operates without a lamp or the lamp does not carry a current, 

10 Although the polarity of the voltage across capacitor CI is the same in both the first and the 
second operating state, the voltage across capacitor CI has a different value in the second 
operating state than in the first operating state. In case the control circuit would change the 
operating state of the circuit arrangement directly from the first operating state into the 
second operating state, a peak current would flow from the supply voltage source through the 

15 third switching element, the inductor L2 and through the capacitor CI . This peak current 
could damage the third switching element and other circuit components or the lamp. 
However, in a circuit arrangement according to the invention, at the end of for instance a time 
interval during which the circuit arrangement is controlled in the first operating state, the 
control circuit controls the circuit arrangement in the third operating state during which at 

20 least one of the first switching element and the third switching element is rendered alternately 
conductive and non-conductive at a high frequency. 

In case only the first switching element is operated at a high frequency during 
the third operating state, the third switching element is maintained in a non-conductive state 
and the first switching element, the second diode and inductor LI together form a down 

25 converter. The amplitude of the current flowing from the supply voltage source through 

(alternately) the first switching element and the second diode, inductor LI and the capacitor 
CI is controlled by the duty cycle and frequency of the control signal generated by the 
control circuit that controls the first switching element. The frequency and duty cycle of the 
control signal are chosen so that the amplitude of the current is limited to a value that is low 

30 enough to prevent damage to circuit components. 

In case only the third switching element is operated at a high frequency during 
the third operating state, the first switching element is maintained in a non-conductive state 
and the third switching element, the fourth diode and inductor L2 together form a down 
converter. The amplitude of the current flowing from the supply voltage source through 
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(alternately) the third switching element and the fourth diode, inductor L2, the lamp La and 
the capacitor CI is controlled by the duty cycle and frequency of the control signal generated 
by the control circuit that controls the third switching element. The frequency and duty cycle 
of the control signal are chosen so that the amplitude of the current is limited to a value that 
5 is low enough to prevent damage to circuit components and the occurrence of peak currents 
through the lamp is avoided. 

In case both the first switching element and the third switching element are 
operated at a high frequency during the third operating state, two current paths are used at the 
same time so that the third operating state can be shorter. 
10 The time interval during which the circuit arrangement is controlled in the 

third operating state is such that capacitor CI has become sufficiently charged by the supply 
voltage source to prevent the occurrence of current peaks in the second operating state, 
during which the third switching element is continuously conductive. This can be realized by 
maintaining the circuit arrangement in the third operating state during a predetermined time 
1 5 interval. Alternatively the voltage across capacitor CI or the amplitude of the current 
charging CI can be measured and the third operating state can be terminated when the 
voltage across capacitor CI exceeds a reference value or when the amplitude of the current 
charging capacitor CI drops below a reference value respectively. At the end of the time 
interval during which the circuit arrangement is in the third operating state, the control circuit 
20 changes the operating state of the circuit arrangement into the second operating state. 

Similarly, at the end of a time interval during which the circuit arrangement is controlled in 
the second operating state, the control circuit controls the circuit arrangement in the fourth 
operating state during which either the second switching element or the fourth switching 
element or each of these switching elements is rendered alternately conductive and non- 
25 conductive at a high frequency. 

In case only the second switching element is operated at a high frequency 
during the fourth operating state, the fourth switching element is maintained in a non- 
conductive state and the second switching element, the first diode and inductor LI together 
form a down converter. The amplitude of the current flowing from capacitor CI through 
30 inductor LI and (alternately) the second switching element and the first diode is controlled by 
the duty cycle and frequency of the control signal generated by the control circuit that 
controls the second switching element. The frequency and duty cycle of the control signal are 
chosen so that the amplitude of the current is limited to a value that is low enough to prevent 
damage to circuit components. 
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5 

In case only the fourth switching element is operated at a high frequency 
during the fourth operating state, the second switching element is maintained in a non- 
conductive state and the fourth switching element, the third diode and inductor L2 together 
form a down converter. The amplitude of the current flowing from the capacitor CI through 
5 the lamp, inductor L2 and (alternately) the fourth switching element and the third diode is 
controlled by the duty cycle and frequency of the control signal generated by the control 
circuit that controls the third switching element. The frequency and duty cycle of the control 
signal are chosen so that the amplitude of the current is limited to a value that is low enough 
to prevent damage to circuit components and the occurrence of peak currents through the 

10 lamp is avoided. 

In case both the second switching element and the fourth switching element 
are operated at a high frequency during the fourth operating state, two current paths are used 
at the same time so that the fourth operating state can be shorter. 

Similar to the third operating state, the time interval during which the circuit 

15 arrangement is controlled in the fourth operating state is such that capacitor CI has become 
sufficiently discharged to prevent the occurrence of current peaks in the first operating state, 
in which the fourth switching element is continuously conductive. The time interval during 
which the circuit arrangement is controlled in the fourth operating state can be controlled in 
the same ways indicated hereabove as in which the time interval during which the circuit 

20 arrangement is operated in the third operating state is controlled At the end of this time 

interval the control circuit changes the operating state of the circuit arrangement into the first 
operating state. 

The circuit arrangement disclosed in US 6,426,597 B2 includes a capacitor 
C2, that together with inductor L2 is part of a series eirrangement shunting the fourth 

25 switching element. Ignition of the lamp can be realized by rendering the third and the fourth 
switching element alternately conductive and non-conductive at a frequency close to the 
resonant frequency of inductor L2 and capacitor C2. Alternatively the frequency at which the 
third and fourth switching element are operated can be swept down to a frequency close to 
the resonant frequency of inductor L2 and capacitor C2. 

30 However, upon ignition of the lamp the voltage across C2 generates a high 

peak current through the lamp, CI and either the third or the fourth switching element. In 
order to prevent damage to the components due to this peak current special precautions have 
to be taken, such as an additional inductor in the current path. Furthermore, capacitor C2 
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would cause current peaks in the lamp current during stationary operation and therefor has to 
be disabled during stationary operation by means of an additional switching element. 

It has been found that a lamp operated by a circuit arrangement according to 
the invention can be effectively ignited in case the lamp is shunted by a capacitor C2. The 
5 lamp can be effectively ignited by rendering the third and the fourth switching element 

alternately conductive and non-conductive at a frequency close to the resonance frequency of 
inductor L2 and capacitor C2 or by means of a frequency sweep. Furthermore, the peak 
current generated during ignition flows through the lamp only and thus cannot damage the 
components of the circuit arrangement. However, an effective ignition of the lamp can also 

10 be realized in case a capacitor C2 is coupled between an input terminal and a terminal 

between a terminal for lamp connection and inductor L2. Also with capacitor C2 in this latter 
position, ignition is realized by rendering the third and the fourth switching element 
alternately conductive and non-conductive at a frequency close to the resonance frequency of 
inductor L2 and capacitor C2 or by means of a frequency sweep. The peak current generated 

15 during ignition flows from capacitor C2 through the lamp and through capacitor CI back to 
capacitor C2, so that the peak current cannot damage the switching elements. When in this 
latter position, capacitor C2 can also play a role in filtering high frequency components out of 
the lamp current thereby contributing to a stable operation of the lamp. 

In a preferred embodiment, the control circuit further comprises circuitry for 

20 increasing the duty cycle of of the first switching element at the end of the first operating 

state and circuitry for increasing the duty cycle of the second switching element at the end of 
the second operating state. Increasing the duty cycle of the first switching element in the first 
operating state means increasing the time lapse during which the first switching element is 
maintained in a conductive state in each high frequency period of the control signal generated 

25 by the control circuit and controlling the first switching element. Because of this increase in 
duty cycle, the voltage across capacitor CI is increased. As a consequence less current needs 
to flow from the supply voltage source to capacitor CI during the third operating state, so 
that the third operating state can be shorter. Since hard switching can occur during the third 
operating state, it is preferred to keep the time interval during which the circuit arrangement 

30 is in the third operating state comparatively short. Similarly, increasing the duty cycle of the 
second switching element at the end of the second operating state decreases the voltage 
across capacitor CI . As a consequence less current needs to flow from the capacitor CI 
during the fourth operating state, so that the fourth operating state can be shorter. Also during 
the fourth operating state hard switching can occur. Therefor it is also preferred to keep the 
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time interval during which the circuit arrangement is in the fourth operating state 
comparatively short. 

For the same reasons as outlined in the previous paragraph, it is advantageous 
when the control circuit comprises circuitry for controlling the circuit arrangement in a fifth 
5 operating state, in which the fourth switching element is rendered alternately conductive and 
non-conductive at a high frequency, during a time interval between subsequent operation in 
the first and the third operating state, and for controlling the circuit arrangement in a sixth 
operating state, in which the third switching element is rendered alternately conductive and 
non-conductive at a high frequency, during a time interval between subsequent operation in 

10 the second and the fourth operating state. In case the operating state of the circuit 

arrangement is changed from the first to the third state directly, the current through the load 
circuit does not change its direction immediately because of the presence of inductors LI and 
L2, Since the fourth switching element is non-conductive during the third operating state, the 
the current through the load circuit flows causes a current peak through diode D3 during a 

15 first part of the third operating state. In case, however, the fifth operating state is inserted 

between the first and the third operating state, the current through the load circuit is gradually 
decreased during this fifth operating state by the high frequency switching of the fourth 
switching element and the occurrence of a current peak through the third diode is avoided. At 
the same time the voltage across the capacitor CI is increased to some extent already during 

20 the fifth operating state so that the third operating state during which the capacitor CI is 
charged further can be comparatively short. During the fifth and the third operating state, 
capacitor CI is charged gradually to the voltage that is present across it during the second 
operating state. Since the charging of capacitor CI is taking place by means of a current of 
which the amplitude is changing gradually, peaks in the current through the lamp are also 

25 avoided so that the amount of EMI caused by the lamp operation is comparatively low while 
lamp life is comparatively long. 

Similarly, capacitor CI is discharged by means of a current of which the 
amplitude is changing gradually during the sixth and the fourth operating state. As a 
consequence peaks in the current through the lamp are also avoided so that the amount of 

30 EMI caused by the lamp operation is comparatively low while lamp life is comparatively 
long. 

It is possible to maintain the first switching element in a conductive state 
during the fifth operating state and to maintain the second switching element in a conductive 
state during the sixth operating state. Alternatively it is possible to render the first switching 



wo 2005/096679 



PCT/IB2005/051017 



8 

element alternately conductive and non-conductive at a high frequency during the fifth 
operating state and to render the second switching element alternately conductive and non- 
conductive at a high frequency during the sixth operating state. Preferably, the control circuit 
comprises circuitry for increasing the duty cycle of the first switching element during the 
5 fifth operating state and for increasing the duty cycle of the second switching element during 
the sixth operating state. Similarly, the control circuit is preferably equipped with means for 
decreasing the duty cycle of the fourth switching element during the fifth operating state and 
for decreasing the duty cycle of the third switching element during the sixth operating state. 
The increase in duty cycle of the first switching element and the decrease in duty cycle of the 

10 fourth switching element during the fifth operating state both serve to ensure that the current 
charging capacitor CI is changing only gradually so that no current peaks occur in the lamp 
current. The same is true for the increase in duty cycle of the second switching element and 
the decrease of the duty cycle of the third switching element during the sixth operating state. 

Similarly it is preferred when the duty cycle of each of the switching elements 

15 that is operated at a high frequency during the third operating state is increased during the 
third operating state and when the duty cycle of each of the switching elements that is 
operated at a high frequency during the fourth operating state is increased during the fourth 
operating state. This increase in the duty cycle further contributes to ensure that the current 
through the lamp is changing gradually while no peaks in the lamp current occur. 

20 In the description of the functioning of a circuit arrangement according to the 

invention in its different operating states as presented so far, it has been mentioned that 
whenever a switching element that is operated at a high frequency becomes non-conductive, 
the diode that is placed in series with that switching element becomes conductive. It is 
however possible to render the switching element parallel to this diode conductive so that the 

25 current is flowing through this latter switching element and less power is dissipated. Also 
recovery losses in the diode are reduced. The latter switching element needs to be rendered 
non-conductive again before the switching element in series with the diode is rendered 
conductive once more. 

It is remarked that a switching element and the diode in parallel with it can be 

30 integrated into a single component as is the case for instance in (MOS)FETS. 

It is further remarked that the high frequency at which at least one switching 
element is controlled in each of the operating states needs not be identical for all the 
operating states but can be different for different operating states. 
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Embodiments of the invention will be further explanined making reference to 

a drawing. 

In the drawings, 

5 Fig. 1 shows an embodiment of a circuit arrangement for operating a lamp in 

accordance with the prior art with a lamp connected to it, and 

Fig, 2 shows an embodiment of a circuit arrangement according to the 
invention with a lamp connected to it, and 

Fig. 3 shows a further embodiment of a circuit arrangement according to the 
10 invention with a lamp connected to it, and 

Fig. 4 shows the shape of differents currents and voltages present in the 
embodiment shown in Fig. 2 as a function of time. 



15 In Fig. 1, Kl and K2 are input terminals for connection to the poles of a 

supply voltage source. In case of the embodiment shown in Fig 1 the supply voltage source 
supplies a DC voltage. Input terminals Kl and K2 are connected by means of a first series 
arrangement of a first switching element SI shunted by a first diode Dl and a second 
switching element S2 shunted by a second diode D2. Input terminals Kl and K2 are also 

20 connected by means of a second series arrangement of a third switching element S3 shunted 
by a third diode D3 and a fourth switching element S4 shunted by a fourth diode D4. A 
terminal between the first and the second switching element is connected with a terminal 
between the third and the fourth switching element by means of a series arrangement of an 
inductor LI, terminals for lamp connection K3 and K4 and an inductor L2. A lamp La is 

25 connected to the lamp connection terminals. The inductors LI and L2 together with lamp 
connection terminals K3 and K4 and the lamp La form a load circuit- A control circuit 
CONTROL is coupled to control electrodes of the switching elements. This coupling is 
indicated in Fig. 1 by means of dotted lines. The control circuit CONTROL comprises 
circuitry for controlling the circuit arrangement in a first operating state, in which the fourth 

30 switching element is maintained in a conductive state while the first switching element is 

rendered alternately conductive and non-conductive at a high frequency, and for controlling 
the circuit arrangement in a second operating state in which the third switching element is 
maintained in a conductive state while the second switching element is rendered alternately 
conductive and non-conductive at a high frequency, and for alternating the operating state of 
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10 

the circuit arrangement between the first and the second operating state at a low frequency. A 
capacitor CI shunts the series arrangement of the lamp conection terminals, the lamp La and 
the inductor L2. A capacitor C2 connects lamp connection terminal K4 to input terminal K2. 
The operation of the embodiment shown in Fig. 1 is as follows. 
5 When the input terminals Kl and K2 are connected to a supply voltage source 

the lamp is first ignited. In the ignition phase, the control circuit CONTROL renders the third 
switching element K3 and the fourth switching element K4 alternately conductive and non- 
conductive at a frequency close to the resonance frequency of inductor L2 and capacitor C2. 
When the lamp La ignites, the voltage across C2 generates a high peak current through the 

10 lamp, CI and either the third or the fourth switching element. In order to prevent damage to 
the components due to this peak current special precautions have to be taken, such as an 
additional inductor in the current path (not shown in Fig. 1). 

After ignition of the lamp, the control circuit CONTROL controls the circuit 
arrangement alternately in the first and the second operating state. In the first operating state 

15 the fourth switching element is maintained in a conductive state while the first switching 
element is rendered alternately conductive and non-conductive at a high frequency. 

In the first operating state, the first switching element together with the second 
diode and the inductor LI and capacitor CI form a first DC-DC-converter of the type "down 
converter". During this first operating state, the first DC-DC-converter generates a DC 

20 current with a first polarity direction that flows through the lamp La. During the second 
operating state, the third switching element is maintained in a conductive state while the 
second switching element is rendered alternately conductive and non-conductive at a high 
frequency. In the second operating state, the second switching element together with the first 
diode and the inductor LI and capacitor CI form a second DC-DC-converter of the type 

25 "down converter". During this second operating state, the second DC-DC-converter generates 
a DC current with a second polarity direction that flows through the lamp. The control circuit 
alternates the operating state of the circuit arrangement at a low frequency between the first 
and the second operating state. Thus the lamp current is a low frequency square wave shaped 
AC current. As long as a properly functioning lamp is connected to the lamp connection 

30 terminals K3 and K4, the embodiment shown in Fig. 1 realizes effective lamp operation. 
However, in case the circuit arrangement operates without a lamp connected to it or with a 
lamp connected to it that does not conduct current because of failure or because the discharge 
temporarily extinguishes because the lamp has not yet reached stable operation, the voltage 
across capacitor CI generates high peak currents through the first switching element or the 
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second switching element when the third or the fourth switching element is rendered 
conductive. These high peak currents can damage the first and/or second switching element. 

In Fig. 2 similar components and circuit parts are labelled with the same 
reference signs. A difference between the prior art embodiment shown in Fig. 1 and the 
5 embodiment shown in Fig. 2 is that capacitor CI connects a terminal between lamp 

connection terminal K3 and inductor LI to input terminal K2. Furthermore, the periodical 
sequence of operating states in which the control circuit controls the embodiment shown in 
Fig. 2 differs from that in the embodiment in Fig. 1. More in particular, the control circuit 
comprises circuitry for controlling the circuit arrangement in a third operating state, in which 

10 either the first switching element or the third switching element or both is/are rendered 
alternately conductive and non-conductive at a high frequency, for a interval between 
subsequent operation in the first and the second operating state, and for controlling the circuit 
arrangement in a fourth operating state, in which either the second switching element or the 
fourth switching element or both is/are rendered alternately conductive and non-conductive at 

1 5 a high frequency, for a time interval between subsequent operation in the first and the second 
operating state. 

It is remarked at this stage that a circuit arrangement equivalent to the one 
shown in Fig. 2 can be obtained in case capacitors CI and C2 are connected at one end to 
input terminal Kl instead of input terminal K2. Another but also equivalent circuit 

20 arrangement can be obtained in case capacitor CI is replaced by a series arrangement of two 
capacitors connecting input terminal Kl to input terminal K2 while a common terminal of the 
two capacitors is connected to a terminal between inductor LI and lamp connection terminal 
K3. Similarly an equivalent circuit arrangement can be obtained in case capacitor C2 is 
replaced by a series arrangement of two capacitors connecting input terminal Kl to input 

25 terminal K2 while a common terminal of the two capacitors is connected to a terminal 
between inductor L2 and lamp connection terminal K4. 

The operation of the embodiment in Fig. 2 is as follows. 
When the input terminals Kl and K2 are connected to a supply voltage source 
the lamp is first ignited. In the ignition phase, the control circuit CONTROL renders the third 

30 switching element K3 and the fourth switching element K4 alternately conductive and non- 
conductive at a frequency close to the resonance frequency of inductor L2 and capacitor C2, 
In the embodiment shown in Fig. 2, the peak current caused by the discharging of capacitor 
C2 mainly flows through the lamp La and capacitor CI so that damage to the circuit 
arrangement is prevented. 
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After the lamp La has ignited, the control circuit CONTROL controls the 
circuit arrangement in periodical sequences of operating states. During each sequence the 
circuit arrangement is subsequently controlled in the first operating state, the third operating 
state, the second operating state and the fourth operating state. The operation of the circuit 
5 arrangement in the first and the second operating state is mainly similEir to the operation in 
the first and second operating state in the embodiment shown in Fig. 1. 

At the end of a time interval during which the circuit arrangement is controlled 
in the first operating state, the control circuit controls the circuit arrangement in the third 
operating state during which the third switching element is rendered alternately conductive 

10 and non-conductive at a high frequency, while all the other switching elements are 

maintained in a non-conductive state. Alternatively, the first switching element can be 
rendered alternately conductive and non-conductive at a high frequency, while all the other 
switching elements are maintained in a non-conductive state. As a further alternative both the 
first and the third switching element can be rendered alternately conductive and non- 

15 conductive at a high frequency, while the second switching element and the fourth switching 
element are maintained in a non-conductive state. The current flowing from the supply 
voltage source through respectively the third switching element or the first switching element 
or both the first and the third switching element and the capacitor CI is charging capacitor 
CI. The frequency at which the switching elements is/ are controlled is chosen such that the 

20 impedance of inductor L2 and/or inductor LI is high enough to limit the amplitude of the 
current to a value that is low enough to prevent damage to circuit components. The time 
interval during which the circuit arrangement is controlled in the third operating state is 
chosen such that capacitor CI has become sufficiently charged by the supply voltage source 
to prevent the occurrence of current peaks in the second operating state, during which the 

25 third switching element is continuously conductive. The control circuit can be further 

equipped with circuitry for increasing the duty cycle of the first switching element at the end 
of the first operating state. The increase in the duty cycle of the first switching element 
causes the voltage across capacitor CI to increase at the end of the first operating state. As a 
consequence less current needs to flow from the supply voltage source during the third 

30 operating state to charge capacitor CI and the time interval during which the circuit 

arrangement is maintained in the third operating state can be shorter. At the end of this time 
interval the control circuit changes the operating state of the circuit arrangement into the 
second operating state. Similarly, at the end of a time interval during which the circuit 
arrangement is controlled in the second operating state, the control circuit controls the circuit 
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arrangement in the fourth operating state during which the fourth switching or the second 
switching element or both the second and the fourth switching element is/are rendered 
alternately conductive and non-conductive at a high frequency, while the other switching 
elements are maintained in a non-conductive state. The current flowing from the capacitor CI 
5 through the second and/or the fourth switching element is discharging capacitor C 1 . The 
frequency of these high frequency pulses is chosen such that the impedance of inductor L2 
and/or the impedance of inductor LI is high enough to limit the amplitude of the current to a 
value that is low enough to prevent damage to circuit components. Again, the time interval 
during which the circuit arrangement is controlled in the fourth operating state is chosen such 

10 that capacitor CI has become sufficiently discharged to prevent the occurrence of current 
peaks in the first operating state, in which the fourth switching element is continuously 
conductive. Preferably, the control circuit is further equipped with circuitry for increasing the 
duty cycle of the second switching element at the end of the second operating state. The 
increase in the duty cycle of the second switching element causes the voltage across capacitor 

15 CI to decrease at the end of the second operating state. As aconsequence less current needs to 
flow from capacitor CI during the fourth operating state to discharge capacitor CI and the 
time interval during which the circuit arrangement is maintained in the fourth operating state 
can be shorter. At the end of this time interval the control circuit changes the operating state 
of the circuit arrangement into the first operating state. 

20 It is advantageous when the control circuit additionally comprises circuitry for 

controlling the circuit arrangement in a fifth operating state, in which the fourth switching 
element is rendered alternately conductive and non-conductive at a high frequency, during a 
time interval between subsequent operation in the first and the third operating state, and for 
controlling the circuit arrangement in a sixth operating state, in which the third switching 

25 element is rendered alternately conductive and non-conductive at a high frequency, during a 
time interval between subsequent operation in the second and the fourth operating state. 
During the fifth operating state capacitor CI is charged so that the voltage across the 
capacitor CI is increased to some extent during the fifth operating state. As a consequence 
the third operating state during which the capacitor CI is charged further can be 

30 comparatively short. Similarly, capacitor CI is discharged to a certain extent already during 
the sixth operating state so that the fourth operating state during which a further discharge of 
capacitor CI takes place can be comparatively short. It is possible to maintain the first 
switching element in a conductive state during the fifth operating state and to maintain the 
second switching element in a conductive state during the sixth operating state. Alternatively 
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it is possible to render the first switching element alternately conductive and non-conductive 
at a high frequency during the fifth operating state and to render the second switching 
element alternately conductive and non-conductive at a high frequency during the sixth 
operating state. Preferably, the control circuit is equipped with means for decreasing the duty 
5 cycle of the fourth switching element during the fifth operating state and for decreasing the 
duty cycle of the third switching element during the sixth operating state. This decrease in 
duty cycle causes the amplitude of the current charging capacitor CI during the fifth 
operating state to change comparatively little during the fifth operating state so that the stress 
on components during the fifth operating state is more evenly spread over the duration of the 

10 fifth operating state. Also during the sixth operating state the decreasing duty cycle causes 
the amplitude of the current discharging capacitor CI to change comparatively little so that 
stress on components is more evenly spread over the duration of the sixth operating state. 

Similarly it is preferred when the duty cycle of the switching element that is 
operated at a high frequency during the third operating state is increased during the third 

1 5 operating state and when the duty cycle of the switching element that is operated at a high 

frequency during the fourth operating state is increased during the fourth operating state. It is 
thereby accomplished that the amplitude of the current charging capacitor C I during the third 
operating state changes gradually. Similarly, it is accomplished that the current discharging 
capacitor CI during the fourth operating state changes gradually. As a result current peaks 

20 are also suppressed in the lamp current during the third and the fourth operating state 
respectively. 

In Figs. 4A and 4B time is plotted along the horizontal axis. In Fig. 4A curve I 
shows the shape of the current through the lamp as a function of time during subsequently the 
first, the fifth, the third and the second operating state. It can be seen that the current through 

25 the lamp is changing gradually and that the lamp current comprises no big current peaks. 
Curve II shows the voltage across capacitor CI during the same time lapse. Curve III is the 
shape of the current at a common terminal of inductor LI and the first and second switching 
element. In Fig. 4B curves 1 and II are shown once more but this time on a different time 
scale. Along the horizontal axis of Fig. 4B, the numbers 1, 5, 3 and 2 indicate the time 

30 intervals during which the circuit arrangement is in the first, fifth, third and second operating 
state respectively. The duty cycle of the high frequency signal operating the first switching 
element remains unchanged during the first operating state. During time interval 5, curve IV 
shows the signal generated by the control circuit that controls the conductive state of the 
fourth switching element. It can be seen that the duty cycle of this switching element 
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decreases during time interval 5, During time interval 3, curve IV shows the signal generated 
by the control circuit that controls the conductive state of the third switching element. It can 
be seen that the duty cycle of this switching element increases during time interval 3. 

The embodiment shown in Fig, 3 differs from the embodiment shown in Fig. 2 
5 only in that capacitor C2 is shunting the lamp La in the embodiment shown in Fig. 3. The 
lamp can be effectively ignited by rendering the third and the fourth switching element 
alternately conductive and non-conductive at a frequency close to the resonance frequency of 
inductor L2 and capacitor C2 or by means of a frequency sweep. The peak current generated 
during ignition flows through the lamp only and thus cannot damage the components of the 
10 circuit arrangement. Otherwise the functioning of the circuit arrangement shown in Fig. 3 is 
very similar to that shown in Fig. 2 and will not be described in detail. 



